Abstract/Background: After the first year of transplantation chronic allograft nephropathy is the most important cause of renal graft loss and hypertension and proteinuria occur commonly. In native nephropathies, proteinuria and progression to renal failure are linked and renal tubulo-interstitial fibrosis determines prognosis. Monocyte chemoattractant protein-1 (MCP-1) is a powerful chemokine promoting tubulo-interstitial fibrosis but data are limited in a transplant context. Hence this observational cross-sectional study.
INTRODUCTION
After the first year of transplantation chronic allograft nephropathy is the major cause of renal transplant failure [1] . Chronic allograft nephropathy is characterised by chronic inflammation, fibrosis and tubular atrophy. Although the pathogenesis of chronic allograft nephropathy remains unclear, proteinuria, hypertension and proximal tubular damage are frequently present. This pattern is similar to that seen in progressive native nephropathies where proteinuria and progression to renal failure are linked [2] [3] [4] . Additionally, the extent of tubulo-interstitial fibrosis determines the rate of decline of renal function and prognosis [5] [6] .
We have previously shown in proteinuric patients with chronic allograft nephropathy increased proximal tubular cell (PTC) catabolism of the polypeptide Aprotinin to be linked with increased markers of PTC injury/hyperfunction [7] [8] .
The proximal tubules in chronically damaged transplanted kidneys seemed to behave in a manner similar to diseased kidneys in their native setting with additional tubular injury from immunosuppression using calcineurin inhibitors [8] .
*Address correspondence to this author at the School of Clinical Sciences, Division of Metabolic and Cellular Medicine, Duncan Building, Liverpool L69 3GA, United Kingdom; Tel: +44 151 706 4663; Fax: +44 151 706 5802; E-mail: rana.rustom@liverpool.ac.uk Monocyte chemoattractant protein-1 (MCP-1) is one of the most powerful chemoattractants of macrophages/monocytes and T lymphocytes [9] . MCP-1 is produced locally by PTCs and induces a series of inflammatory events, leading to secretion of other cytokines, activation of transcription factors and up-regulation of growth factors, especially the profibrogenic transforming growth factor (TGF-1) promoting tubulo-interstitial fibrosis [9] [10] [11] [12] .
Increased urinary MCP-1 levels, as a marker of inflammation, have been previously described in patients with different glomerulonephritides where levels significantly correlated with proteinuria [13] [14] [15] [16] and with the severity of tubulo-interstitial fibrosis [14, 15] . However, MCP-1 data remains very limited in the context of renal transplantation and especially in proteinuric patients with chronic allograft nephropathy. Grandaliano et al. [17] linked increased urinary MCP-1 levels in renal recipients with acute allograft rejection. In this observational study, we redress this imbalance by providing data on 24h urinary MCP-1 in renal transplant patients more than 6 months (most after one year) after transplantation (including those with chronic allograft nephropathy). Using regression analysis, we link urinary MCP-1 with proteinuria and discuss the clinical implications. Urine specimens from proteinuric patients with different native nephropathies (and similar renal function as in the transplant recipients) and from normal subjects were also examined.
PATIENTS, MATERIALS AND METHODS
Since urinary MCP-1 data in proteinuric transplant patients after the first 6 months of transplantation were unavailable the design of this observational study was guided by our previously published data on urinary N-acetyl ,Dglucosaminidase (NAG) in patients with diseased native kidneys [18] and transplanted patients with chronic allograft nephropathy [8] . Patients were recruited from a single outpatient clinic over a twenty month period, providing they had evidence of >0.5 g/24h proteinuria on at least three previous visits in the preceding 6 months and were 6 months (most after one year) post-transplantation (patients attending this clinic routinely have 24 h urine measurements for creatinine clearance and proteinuria and are well trained in this procedure). Additionally, all willing patients seen with biopsyproven chronic allograft nephropathy during the period of study were also included. All patients on calcineurininhibitor treatment had trough level measurements for ciclosporin or tacrolimus. Patients with evidence of calcineurin inhibitor toxicity were excluded.
Urine specimens (24h) were thus collected from 81 outpatients who had undergone transplantation on average 8. Urine specimens from 64 nontransplant renal outpatients (attending a single outpatient nephrology clinic) with comparable renal function to the transplant patients were also studied for MCP-1 and creatinine clearance. These patients included glomerulonephritis (n=41) hypertension (n=2), diabetes (n=6), polycystic kidney disease (n=5), chronic pyelonephritis or congenital renal dysplasia (n=8) and other (n=2).
Urine samples from 17 healthy volunteers were also investigated. The study had approval from the Local Ethical Committee of the Royal Liverpool University Hospital.
Urinary MCP-1 (24h) was measured using a Quantikine® Human MCP-1 enzyme linked immunosorbent assay kit (R&D Systems, Abingdon, UK). 24h proteinuria and other urinary biochemistries were measured by standard techniques as previously using Wako Autokit Micro TP Kit (Alpha Laboratories, Hampshire, UK) on a Hitachi 747 Automatic Analyser (Hitachi, Lewes, UK) [8] .
Data Analyses
SigmaPlot for Windows (SPSS Inc., Chicago, IL) and StatsDirect software (StatsDirect Ltd., Cheshire, United Kingdom) were used to analyze the data and results were expressed as arithmetic means ±SE. Statistical analyses on skewed non-parametric data were performed after logarithmic transformation and expressed as geometric means (SE). Student's t test with Bonferroni's modification was also used. Linear regressions were calculated after log transformation of the data.
RESULTS
Clinical and demographic data for all donors and patients are listed in Tables 1 and 2. All patients had a creatinine clearance of at least 15 ml/min. Forty four patients were taking ciclosporin-based immunosuppression, 18 were on tacrolimus-based treatment, and 18 were on other agents (prednisolone with azathioprine or mycophenolate mofetil, 1 patient on sirolimus). Forty three patients had biopsy-proven chronic allograft nephropathy; in the majority of patients (34) tubulo-interstitial fibrosis was mild-moderate (and severe in 9).
Most patients were taking at least one hypotensive agent for blood pressure control ( -blockers, vasodilators, or calcium-channel blockers with or without diuretics). Additionally, 18 patients were on angiotensin-converting enzyme inhibitor (ACE-i) agents and 1 on an angiotensin II receptor blocker; of these all but two were on calcineurin-inhibitor treatment; 9 on ciclosporin-and 8 on tacrolimus-based immunosuppression. The mean arterial blood pressures (MAP) from blood pressure readings taken sitting and standing were calculated as the diastolic+1/3(systolic-diastolic) mm Hg.
Ciclosporin dosages averaged 204±16 mg/day (range, 50-500 mg/day) (3.1±0.2 mg/kg/day; 0.8-6.2 mg/kg/day). Twelve-hour trough ciclosporin levels were 148±11.7 g/L (85-285 g/L; HPLC equivalents). Tacrolimus dosages av- Table 2 , data presented as geometric mean(SE) and range). The best renal function was found in patients on non-calcineurin inhibitor regimens (creatinine clearance, 51.7 ml/min, 15-98).
In the transplant patients, proteinuria averaged at 1.3 g/24h (0.02-6.6); 43 patients had proteinuria <0.5 g/24h, the rest >0.5 g (with 32 patients >1g/24h), this distribution of proteinuria was also similar in patients with biopsy proven chronic allograft nephropathy. In Table 2 proteinuria data presented as geometric mean (SE) range. Proteinuria was lowest in the non-calcineurin inhibitor-treated patients (averaging 0.8 g/24h, 0.02-3.0) and highest in the ciclosporintreated patients (averaging 1.2 g/24h, 0.02-6.4 g/24h). Proteinuria in patients on tacrolimus-based immunosuppression averaged at 1.0 g/24h (0.1-4.2). Transplant duration was unrelated to creatinine clearance or proteinuria. In patients with native diseased kidneys proteinuria was significantly greater than in the transplanted population and averaged at 3.0 g/24h (0.1-12.2) (6 patients had <0.5g/24h and the rest >0.5 g/24h, with 49 patients>1g/24h), Table 2 .
Urinary MCP-1 and proteinuria were positively correlated in all patients (Fig. 1) . This was strongest in the transplant patients receiving ACE-i therapy (Fig. 2) ; 12 patients had proteinuria <0.5 g/day and 7 with proteinuria >1g/d).
The results in patients with biopsy proven chronic allograft nephropathy are shown in Fig. (3) . There were no significant differences in the regression coefficients of log urinary MCP1-log urinary protein plots between transplant and nontransplant patients. Urinary MCP-1 levels were unrelated to age, transplant duration, MAP, creatinine clearance, or blood ciclosporin or tacrolimus levels.
The 24h urinary MCP-1 levels were significantly higher in transplanted and non-transplanted patients compared with healthy volunteers ( Table 2 
DISCUSSION
Proteinuria is an important clinical tool in renal transplantation and often predates any decline in renal graft function in patients with progressive chronic allograft nephropathy. Serial measurements in individual patients are invaluable in our experience in allowing early diagnosis, intervention and monitoring of both progression and response to treatment. The degree of tubulo-interstitial injury determines prognosis in native and transplanted kidneys [1, 8, 18] . Urinary markers of inflammation may thus be helpful additional tools but can be difficult to interpret in proteinuric conditions because of possible varied contribution in urine from that filtered from plasma [8, 18] . Data on urinary MCP-1 in a transplant context are limited and even less is known in proteinuric patients. The results from this observational crosssectional clinical study reports, to our knowledge, for the first time the relationship between urinary MCP-1 and proteinuria in renal transplant patients from 6 months to many years post-transplantation and in a relatively large number of patients.
Patients with renal transplants had lower urinary MCP-1 activity than those with native diseased kidneys for comparable degrees of renal impairment. This can be explained by glomerular disease and the heavier proteinuria arising from two kidneys rather than one transplanted organ. The intercept of log-log plots of urinary MCP-1 in the transplant patients on ciclosporin-based treatment against urinary protein gave greater values for urinary MCP-1 compared with transplant patients taking tacrolimus or other non-calcineurin inhibitor agents (data not shown). However, patients on ciclosporinbased immunosuppression were the majority of the patients studied (reflecting the predominant calcineurin inhibitor used at the time) and these patients had higher levels of proteinuria compared with the other transplant patients. Indeed, the 9 renal transplant patients with the most severe tubulo-interstitial fibrosis had the highest proteinuria and MCP-1 levels than all other transplant patients (data not shown). We showed a particularly strong correlation between MCP-1 and proteinuria in the relatively small group of transplant patients taking ACE-i treatment. Use of ACE-i post-transplant has generally tended to increase over the last few years, but not without problems (which can be anticipated and addressed) and particularly in terms of increased metabolic acidosis and hyperkalaemia [7] . There were lower urinary MCP-1 levels in the 12/19 renal transplant recipients taking ACE-i. This might be expected if there was a beneficial effect in terms of a reduction in proteinuria [4, 7, 19] . In the ACE-i-treated group 12 patients with <0.5g proteinuria had MCP-1 levels <300 pg/d vs >300-3000 in the 7 remaining patients with proteinuria >1-6.4 g/24h and MCP-1 levels increased in parallel with the rise in proteinuria.
A log-log plot of urinary MCP-1 from this study together with our published urinary NAG studies in patients with chronic allograft nephropathy [8] also show a positive correlation between these two parameters (non-transplanted patients y= 1.093+0.52x, r = 0.32, p<0.01; transplanted patients y= 0.043+0.873x, r = 0.55, p<0.0001) emphasizing the importance of proximal tubular dysfunction in these proteinuric patients.
We did not measure plasma MCP-1. Others have previously shown that there was no significant increase in plasma MCP-1 in patients with kidney disease [13] [14] [15] Urinary MCP-1 in proteinuric renal transplant patients reflects a predominant local PTC production promoting increased tubulointerstitial fibrosis. In vitro studies in PTC culture systems and animal models support this view [9] [10] [11] [12] . In our study, there was no correlation between MCP-1 and creatinine clearance. This relationship is true providing creatinine clearance is at least 15 ml/min as in our patients [8, 18] . Additionally, renal function was comparable in all patient groups. MCP-1 levels were unrelated to age (thus allowing comparisons with the volunteers who were younger), transplant duration, mean arterial pressure or blood ciclosporin or tacrolimus levels.
We suggest from the data presented that urinary MCP-1 may represent a useful urinary marker of inflammation, even in proteinuric patients with progressive graft failure. 
